The protonated Argon ion, 36 ArH + , has been identified recently in the Crab Nebula (Barlow et al. 2013 ) from Herschel spectra. Given the atmospheric opacity at the frequency of its J=1-0 and J=2-1 rotational transitions (617.5 and 1234.6 GHz, respectively), and the current lack of appropriate space observatories after the recent end of the Herschel mission, future studies on this molecule will rely on mid-infrared observations. We report on accurate wavenumber mea- 
Introduction
Molecular complexes containing noble gas atoms have been searched in space for long without success, using space platforms and ground based observatories. The presence of HeH + in the atmospheres of bright stars was suggested by Stecher & Milligan (1961 , 1962 to explain the differences between observations and stellar models in the ultraviolet (see also, Norton 1964; Harris et al. 2004 ). The role of HeH + in the chemistry of the early universe has been also a subject of debate (see, e.g., Lepp & Shull 1984; Galli & Palla 1998; Bovino et al. 2011 ) and searches have been conducted to try to detect this molecular ion in high redshift objects (Zinchenko et al. 2011 ) unsuccessfully. Barlow et al. (2013) However, in the Sun 84.6% of Argon is 36 Ar (Lodders 2008) and in giant planets the ratio 36 Ar/ 40 Ar is 8600 (Cameron 1973 Barlow et al. (2013) have discovered 36 ArH + using the submillimeter Fourier Transform Spectrometer (SPIRE, Griffin et al. 2010 ) on board the Herschel satellite (Pilbratt et al. 2010) . The frequency of the J=1-0 line of 36 ArH + is 617.5 GHz, for which the atmospheric transmission is rather poor even for a site as good as that of ALMA. The J=2-1 line occurs at 1.235 THz and its observation from the ground is impossible due to telluric absorption. Hence, space platforms are best for the observation of the pure rotational lines of this molecule in space.
As an alternative, after the end of the Herschel mission, ro-vibrational transitions of ArH + isotopologues could be observed in absorption against bright background mid-infrared sources, such as the galactic center.
There are a number of high resolution spectroscopic studies on all isotopologues of this ion (i. 
Experimental details
The apparatus used in this experiment has been reported earlier (Doménech et al. 2013 , and has been recently used to confirm the identification of (Cernicharo et al. 2013) . It is based on an IR difference-frequency laser spectrometer, a hollow cathode discharge reactor, and a double modulation technique with phase-sensitive detection ).
Briefly, frequency-tunable IR radiation is generated by mixing the output of an Ar (Méndez et al. 2010; Sode et al. 2013 ). Nevertheless, previous spectroscopic studies of ArH + show that a fairly small proportion of H 2 (ranging from ∼0.1 to ∼10 % in the studies of Haese et al. 1983 , Johns 1984 , Laughlin et al. 1987 , Brown et al. 1988 and Filgueira & Blom 1988 or no supply at all of H 2 (Brault & Davis 1982) to the discharge gives larger ArH + signals.
Results and Discussion
We have chosen the R(6) line of the v=1-0 band of 40 ArH + at 2711.4029 cm −1 as a reference to optimize the operating conditions and check the day-to-day repeatability of the experiment. We can observe this line in a single scan with SNR of 1100. Its Doppler full width at half maximum (FWHM) is 0.0059-0.0061 cm −1 , corresponding to a kinetic temperature of ∼380-400 K. From the relative line intensities of R(6) observed in the v=1-0 and v=2-1 bands, the estimated vibrational temperature is ∼580K.
We estimate a density of ArH + in the discharge of ∼4×10 10 cm −3 , derived from the transition dipole moments and Herman-Wallis factors for 40 ArH + in various vibrational bands given by Picqué et al. (2000) , the estimated vibrational and rotational (kinetic)
temperatures and the observed peak absorption (tipically ∼0.035) in the R(6) v=1-0 line of 40 ArH + . This is a rough estimate, since ion signals exhibit day-to-day variations of up to 40%, depending on the discharge behavior. Nonetheless this value is close to the total electron densities measured in this type of plasmas (Méndez et al. 2010) , suggesting that ArH + is a dominant ion in our discharge.
We have measured fourteen lines of 36 ArH + in the v=1-0 band (P (6) to R (7) The observed line centers and their estimated uncertainties (1σ) are given in Table 1 .
These new data for 36 ArH + have been fitted to the frequencies derived from the energy levels calculated with a simple Hamiltonian for a vibrating rotor (Herzberg 1989 )
Despite the relatively low number of measurements, the quality of the data allows to determine, with statistical significance, five independent parameters (up to the D centrifugal distortion constants), with an uncertainty-weighted standard deviation σ w =0.61. Recall that σ w is close to unity for an adequate model and reasonable estimates of the experimental uncertainties. The low σ w value reflects an internal coherence of the frequency better than the uncertainty, as it is reasonable to expect. As for 38 ArH + , we have recorded five previously unreported lines, R(0) to R(4), in the v=1-0 band. Given their weakness, it was necessary to average up to 800 scans for some of them. Since the efficiency of the difference frequency mixing process decreases with the IR frequency, and phonon absorption from LiNbO 3 starts to become significant at lower frequencies, the IR power available for lines in the P branch was not sufficient to record them in a reasonable amount of time. The wavenumbers determined in this work and their uncertainties are shown in Table 1 . As an example, the R(0) and R(2) lines are shown in Figure 2 , together with their Gaussian fits. Filgueira & Blom (1984) reported the observation of the P (3) and P (4) 
where U kl and ∆ i kl are mass independent coefficients (∆ i kl are the Born-Oppenheimer approximation breakdown, or BOB, terms), M Ar and M H , the atomic masses of the corresponding isotope (Coursey et al. 2010) , m e , the electron mass and µ, a charge-modified reduced mass, defined for ArH
In the fitting process it became evident that a significantly better global fit is obtained if, in the calculation of µ, we use (M Ar − m e ) in the numerator, instead of the Ar atomic mass M Ar . In this case, σ w =0.72, while that obtained using equation (3) is σ w =0.86. Using (M Ar − m e ) amounts to centering all the positive charge of the ion on the Ar nucleus.
Similar improvements in a Born-Oppenheimer potential fit using different expressions of µ were observed in HeH + by Coxon & Hajigeorgiou (1999) , although in that case the best fit was obtained if half the electron mass was subtracted from that of each atom. Furthermore, an ab-initio study of noble gas hydride molecule-ions (Schutte 2002) shows a progressive displacement of the positive charge of the ion from the H nucleus to the noble gas nucleus, at the equilibrium distance, in going from HeH + to KrH + . Therefore, we deemed advisable to carry out four fits using different calculations for the reduced mass: using Watson's (1980) expression; splitting equally the charge among both nuclei; completely ignoring the electron mass (i.e. treating the molecule as a neutral), and assigning all the charge to the Ar nucleus (as described above). The σ w are 0.86, 0.76, 0.72 and 0.72, respectively. In order to better reproduce the set of existing observations, we have chosen the latter as our best fit, regardless of the possible implications on the adequacy of Equation (3) Table 2 , together with the parameters obtained by fitting all the previous data prior to this work.
The parameters with no uncertainty have been fixed to the values derived from the fitted parameters and the Dunham relations to U k0 , U k1 as provided by the code ACET of the CPC library written by Ogilvie (1983) . Including a BOB term ∆ Ar 01 does not improve the quality of the fit. In both fits, (M Ar − m e ) has been used in the numerator of Equation (3) Table 3 is 9.5×10 −15 , 1.6×10 −15 , 3.2×10 −16 , and 1.5×10 −16 (in cm 2 km s −1 ), for T =10, 100, 500, and 1000 K, respectively. These values for α(T) have to be decreased by a factor ∼2.4, or increased by a factor ∼1.9, depending on wether the µ 0 value of Laughlin et al. (1987) , or that of Laughlin et al. (1989) , is assumed. The best conditions to detect the R(0) lines are those of the diffuse ISM lines of sight where the kinetic temperature could be below 100 K and no emission is expected from the R(0) line. For the estimated column densities by Barlow et al. (2013) absorption in the R(0) lines of a few percent could be expected.
We note, however, that if the kinetic temperature of the gas in the CRAB nebula is above 10 13 cm −2 the different isotopologues of ArH + could be easily detected in cold dark clouds against bright sources through mid-IR observations.
Concluding remarks
We have provided direct accurate wavenumber measurements of nineteen vibration- 
